The present context of Portuguese Higher Education, as a consequence of the so-called 'Bologna Process', asks for pedagogical innovations in order to promote the acquisition and development of competencies such as critical and creative thinking and problem solving, where questioning plays a central role. The design and implementation of student centered approaches, in order to enhance deep and active learning, requires an alignment between teaching strategies, learning outcomes and particularly assessment methods, which strongly influence students' approaches to learning.
indeed, some empirical evidence about computer mediated text-based communication facilitating higher-order thinking (Garrison et al., 2000, Garrison and Cleveland-Innes 2005) .
The design and implementation of an asynchronous online discussion plays a significant impact on the nature of interactions and influences the way students approach their learning.
It is well known that the number of interactions does not reflect the quality of discourse content. Evidences of higher-order learning are usually related to the context of the learning environment and to an effective teaching presence that encourages participation and triggers discussion. The discussion should not be teacher centred. Instead, interactions should be facilitated in a sustained manner, by moderating and shaping the direction of the discourse. If deep approaches to learning are intended to be achieved, which is one of the main goals of "Questions in Biology", than there should be a specific design goal, providing clear participation requirements and content expectations. Also, assessment should be congruent with the intend goals (Garrison and Cleveland-Innes 2005) .
(Insert Figure 1 here)
Considering the importance assessment plays in learning, it was decided that all the students' contributions would be assessed and that each student should post at least two questions/comments in order to assure that their participation would be considered for summative assessment purposes, counting for a maximum of 10% of their final grades (2 values out of 20).
Before implementing the strategy, the main goals were discussed and clarified with the students, as well as the assessment criteria which have resulted in the following descriptive dimensions: I). 'Quality criteria' (1,5 values out of 2), concerning two factors: I.1. Cognitive level of students' reasoning Questions can be classified according to the mental processes required to answer them. For example, the ASI categorization system of Pedrosa-de-Jesus, TeixeiraDias, Almeida and Watts (2006) considers three levels of questions: A) Acquisition (low cognitive level), S) Specialization and I) Integration (high level questions) (see Table 2 for a more detailed description).
Since one of the aims was assessing the 'quality' of students' reasoning it was decided to code students' posts using the ASI system. However we have introduced a slight adaption: since the entire message is fundamental to contextualize and understand the thinking processes of each student, the assessment unit was the entire message and not only the questions per se. It was also decided to assess all the students' posts whether the question was explicit or not, because the inquiry disposition of the student might be embedded in the message without explicitly formulating a question.
I.2. Scientific accuracy
Students' posts were also classified according to their scientific accuracy considering three levels: B1) scientifically incorrect; B2) with some scientific incorrectness; B3) scientifically correct.
Finally, quantitative criteria were defined in order to better translate the 'quality' of a student post, into a discrete value. The combination of the cognitive level with the scientific accuracy of each post resulted in four different 'levels of quality' of the posts: 0, I, II and III. The definition of these ordinal categories was based on concrete examples of students posts for all possible combination (for example A2B1), and took also into account the defined learning outcomes of the curricular unit, (see step 1 of Figure 3 ). For evaluation purposes, different 'weights' for each level of 'post quality' were defined (see step 2 of Figure 3 ).
II. Frequency criterion (0,5 values out of 2):
Besides 'quality', the number of students' posts was also a criterion for assessment. To assure that participation would be considered for final assessment, each student had to post at least two questions/comments during the semester. Higher frequencies were positively In the following sections, particular aspects of the implementation of the strategy during 2007/2008 and 2008/2009 and some student's outputs will be described and discussed.
Transcripts from the interviews with the teacher and some students will also be presented to complement and sustain discussion. Table 2 The purposes of the ODF as well as the assessment criteria were explained and clarified by the Professor during the opening lecture of the semester. The "Questions in Biology" forum started with a message posted by the teacher (Figure 4 ), communicating explicitly a specific learning challenge, which represents a moment identified by Garrison and colleagues (2000) as a 'triggering event'. According to these authors, 'a critical role of the teacher is to initiate, shape and, in some cases, discard potentially distracting triggering events so that the focus remains on the attainment of intended educational outcomes' (Garrison et al. 2001, p. 10) .
(Insert

(Insert Figure 4)
The ODF lasted nearly four months (the entire semester). Students questioned, discussed and argued about topics on Evolution having posted a total of 222 posts, which represents a mean of 3,17 posts per student ( Figure 5 ). A larger number were written near the end of the semester, namely during the first two weeks of June 2008. Despite the fact the teacher has enhanced in each lesson the importance of a continuous participation in the forum, the majority of students behave strategically by posting the 2 required messages near the deadline in order to fulfil the assessment criteria. In spite of this, the global analysis of the quality of all posts during the semester revealed that 42% were at the highest level (Level III) and 13%
were at Level II. Thirty per cent of the posts were assessed at Level I and 15% at Level 0.
Since the majority of Level 0 and Level I posts were written during the final week of the ODF (76 % and 65% respectively), it might be assumed that 'last' minute posts tend to be at low quality, having the risk of jeopardizing deep learning. Some interviewed students confirmed this assumption: On contrary, Level III posts achieved the highest frequency during the middle of the semester, namely during May, with 47 posts (51% of the total number of Level III posts). These evidences reinforce that students need time to reflect, adapt and integrate knowledge, and that
ODFs can promote high levels of thinking if proper conditions are created, such as giving students the opportunity to formulate several posts, and to improve the following ones, by constructive teacher feedback, and also by reading posts from their peers.
(Insert Figure 5)
The fact of ODF being a written-based communication seems to have also a positive influence on the quality of students' intervention. Evidences from oral discourse analysis, based on transcripts from the audio taped lectures, showed that a total of 60 students' question took place during the semester, corresponding to less than one question per student. A mean number that is, even though, higher than in many other first year university disciplines. The large number of students' oral questions formulated during 'TLB' lectures, was considered at low cognitive level, corresponding to 53%, and only 13% were at highest cognitive levels.
These are not surprising results, since when it concerns oral discourse the number of students' questions tends to be too small and the cognitive level preferentially low (Maskill and Pedrosa de Jesus 1997). Indeed, according to Garrison and colleagues (2000) It is important to emphasize that the teacher, at any moment, didn't 'force' a specific topic.
The most posted subjects were indeed raised by the students (not the teacher). For example:
Creationism/Intelligent Design; Evolution theories Vs Religion; Human Evolution Vs Cultural Evolution; Evolution and Homosexuality and specific examples of Evolution -such as Platypus (Ornihorunchus anatinus). The intention was to allow students to discuss topics of their 'genuine' interest. However, whenever appropriate, the teacher enhanced particular important ideas raised by the students, challenging or giving feedback to them in order to stimulate participation and sometimes refocusing discussion (see Figure 6 ) concerning the contents and learning outcomes of the discipline.
(Insert Figure 6 here)
Throughout the semester the teacher posted a total of 39 messages, which were deliberately reduced as we can see by the following statement from his interview: Indeed, the students initially clearly posted isolated messages addressed to the teacher, and the following posts tended to have no 'logic continuity' with the previously presented ideas.
This means that the student can be actively engaged in the discussion, posting a lot of messages, but not interacting with his peers, he is constructing meaning individually instead.
Students' engagement in monologues without connecting to other contributions is one of the challenges that the teacher faces while conducting discussion (Garrison and Cleveland-Innes 2005) . In consequence, besides appealing several times for the importance of interaction between the students, the teacher started to structure his participation by integrating in one single post the ideas of several students, showing the 'expected' exercise of trying to connect others messages with own thoughts and not just 'dropping' an isolated idea.
The global evaluation of the "Questions in Biology" forum was very optimistic as it was considered successful in motivating students as well as supporting them in developing written questioning and argumentation. The teacher, at the end of the semester, also made a very positive balance focusing the potential of this kind of strategy in helping him to know better the students and their learning capabilities, which normally are only evidenced at the end of the semester during the typical written exam: After the encouraging and stimulating results from the first edition, it was decided to continue using the strategy during the following academic year. Some improvements, based on acquired experience from the previous year were introduced, namely:
i) Construction of a written document with important guidelines for students about the "Questions in Biology" forum:
During the first year of implementation, students had frequently doubts, specifically about the assessment of their participation in the ODF. In order to better support students, and also to minimize the repetition of instructions, a document describing the main learning outcomes of the discipline, and how they were related to the "Questions in Biology" goals, was written..
Assessment criteria and specific guidelines on 'how to maximize' the quality of students' intervention, using concrete examples of students previous posts, were also integrated. This document was posted on the e-learning platform, after being clarified and discussed with the students during the first lecture.
ii) Organization of the "Questions in Biology" forum into three smaller periods of time:
As a result of the students' tendency to deviate from Evolution as the main thematic and to 'post' frequently isolated messages, without connecting to previous exposed arguments or repeating the same idea without adding new aspects of it, it was decided to try to 'orient' the discussion for specific themes, by splitting the ODF into three thematic blocks (focusing each discussion). Each thematic block was initiated by a teacher 'triggering event' related to the curricular contents being covered at that time during lectures (Table 7) . In order to assure a continuous participation on the ODF, it was also decided that each student must post at least two comments/questions in each of the three blocks, in order to assure the inclusion of their participation in the final assessment (maximum of 2 values).
iii) Introduction of a formative assessment period:
Considering students' initial difficulties and doubts in understanding the purposes of the strategy, it was decided that the first block (three weeks) would be only considered for formative assessment purposes, giving them the time for adaption to the new strategy. On the end of the first block, during a 'normal' lecture, the teacher, in collaboration with the researchers, has commented on students' difficulties and gave some stimulating suggestions and constructive feedback, supported on the exploration of some students' selected posts.
iv) Extending the "Questions in Biology" strategy by implementing presential group discussions:
Data collected by interviewing some students, on the end of the first year, revealed that several colleagues, particularly those that tended to participate and discuss frequently during normal lectures, felt somehow 'harmed' by the fact that only the written participation at the ODF was considered for assessment. Therefore it was decided to introduce two presential group discussions, aiming at giving students the opportunity to synthesize the main arguments/ideas that have been emerged during the lectures and the ODF discussion. Both were carried out during a 'normal lecture' having duration of two hours. The first discussion, with formative purposes, was organized in order to match the end of the first thematic block.
The second discussion moment was at the end of the semester, after the third thematic block.
It was then decided that only the second discussion moment would be considered for summative assessment purposes. Since it was the first time that this strategy was adopted, corresponding to an 'isolated' moment when compared with other tasks that students had to accomplish during the semester, the final discussion was proposed to count 0,5 values out of 20. All students agreed. Therefore, the students' participation at the "Questions in Biology" could count for 2,5 values out of 20 on their final grade, instead of the 2 values like the previous edition. The assessment criteria for the participation in the forum were maintained
(1,5 values for quality and 0,5 values for frequency), since it was found useful by analysing and assessing the discourse content, according to the learning goals.
(Insert Table 7 here)
On what concerns the online discussion forum, a total of 248 student posts were written along the semester: 43 posts during the initial formative period, 126 during the first summative discussion and 79 posts during the second summative discussion (Figure 8 ). Strategic students' posts, at deadline eve, were again observed during the formative block. Therefore, the teacher used the formative period as an opportunity to give clear instruction to the students and to emphasize how their behaviour could have negative effects on the summative assessment of the posts: if this situation would repeat in the following blocks it would be very difficult to give feedback and to assess the posts at appropriate time. These teacher's advices and recommendations had indeed some effect on the following blocks, but not as much as it would be desirable.
From the total number of students attending the curricular unit (N= 70), fourteen didn't have any sort of participation in the online forum. Thirty nine participated during the entire summative period (both blocks) and 17 students have participated only on the first summative challenge, having no participation at all during the second block. This corresponds to a mean of 2,25 messages per student during the first summative block and a mean of 2 messages during the second one.
As a consequence of the decrease in the number of students' participation, the number of students' posts also dropped to around 40%, passing from 129 to 79 posts. Students' feedback from the interviews revealed that the nature of the thematic was the main cause, since they recognized that they did not even know what to post on. On the other hand, the teacher also perceived that eventually some students didn't understand that they should have contributed at least with two posts in each block. This situation was discussed afterwards in the classroom and it was decided to drop the criterion of 'obligation' to participate in each block. Therefore, for assessment purposes the first and the second summative blocks were considered as just one. Frequencies of more than two posts per student were, like in the previous year, positively considered.
On what concerns the quality of students' posts, the patterns used on previous academic year were globally maintained (Figure 8 ): posts at Level III were the most frequent (51%, 63% and 31% for the total number of posts of each block respectively). Once more, Level III posts achieved its highest expression during the middle of the semester. On contrary, lower level posts, namely Level 0 and Level I, were more frequent at the beginning and the end of the semester (Level 0: 16% for block 1, 12% for block 2 and 20% for block 3; Level I: 16 % for block I; 13% for block 2 and 25% for block 3).
Like in the previous year the final balance of the implementation of this strategy was considered to be very positive. Again it was possible to observe, during the semester, evidences of students' motivation and engagement in learning. The reflection about students' behaviour during the first year allowed 'tuning' the strategy, according to undergraduates' needs and characteristics. The teacher also considered "Questions in Biology" as better settled towards the desirable goals, and prized the entire process of designing and implementing the strategy aiming to create a learning environment that provides stimulus and encouragement for students' development, through small shifts in the adopted teaching practices. Indeed, like Within this chapter it was intended to describe the process of designing and implementing a strategy called "Questions in Biology" aimed at enhancing students' questioning about Evolution topics, and, therefore, contribute for active and deep learning in this thematic.
Although the strategy was implemented in the context of a discipline taught by one teacher, it was not a 'lonely' process. In fact, the design and also the implementation of the strategy resulted from a collaborative work between the teacher and a group of researchers in Science
Education. Following a co-researcher model (Macaro and Mutton 2002) , which allows each participant in the process to benefit from the enterprise, the Science Education researchers had the opportunity to do research in natural teaching-learning contexts, and the teacher had the opportunity to reflect on data collected from his own lectures, obtaining also some support in the design and implementation of innovative strategies: ' The strategy "Questions in Biology" started to be an online discussion forum where the teacher initiated the discussion by communicating a specific learning challenge and students interacted mainly with each other, discussing specific ideas related to Evolution. During the second year, the strategy was again implemented, however with some adaptations, improvements and innovations according to the acquired experience and the students' outcomes from the first edition.
Focusing on the quality of students' learning, evidences for the positive impact of the described strategy were observed such as the increase of teacher-student and student-student interactions, both orally (group discussion) and written (ODF). Particularly the high frequencies of Level III posts at the discussion forum provide evidence that students are able to think at higher cognitive levels when proper conditions are given. Through the ODF students had the opportunity to share and construct collaborative knowledge, also training written argumentation. This allowed the teacher to know better the learning abilities of each student, even before the final exam. Finally, some evidences of promoting study methods were also observed. In order to participate in (oral and written) discussions with their own ideas and their own knowledge several students started to seek information in books, or other references, besides the indicated course books.
It is believed that the success of the "Questions in Biology" is rooted on the conscious effort of aligning the adopted teaching methods with the real learning outcomes and particularly with the assessment modes, since evaluation influences student behaviour and adopted study Formative assessment moments, such as continuous teacher feedback in order to stimulate and sometimes focus students' reasoning, also revealed to be very important for the students' learning.
It was realized that the discipline, through the implementation of "Questions in Biology" stood out due to the creation of a 'complementary environment' that allowed students' to 'reveal' other interests and abilities, besides the 'memorization of information':
"I liked very much this discipline, because here we were assessed by other skills, besides writing well at the exam... I know that I am better talking. We discussed a lot in this discipline. In the other disciplines this didn't happen…unfortunately" (Peter -fictional name) Considering the exposed above, it is our opinion that one possible way of implementing successfully innovative pedagogical approaches is to focus and reflect on its own dynamic characteristics. It is not positive, or realistic, to perceive 'pedagogical reforms' as once-forall-modifications that are perfect at its first trial. Collaborative work between university teachers and researchers in Science Education might be one step forward to enhance quality in Higher Education promoting the scholarship of teaching and learning. 
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